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TECHNICAL FIELD OF THE INVENTION 

The present invention relates generally to power 
systems; and more particularly to a system and method of 
operation for locating a disturbance in a power system 
based upon disturbance power and energy. 
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CROSS-REFERENCE TO RELATED APPLICATIONS 

This application is a continuation application under 
35 U.S.C. § 120 and claims priority from, and hereby 
incorporates by reference for all purposes, copending 
United States Patent Application Serial No. 10/072,378, 
entitled System and Method for Locating a Disturbance in 
a Power System Based Upon Disturbance Power end Energy , 
naming Parsons et al . as inventors, filed February 5, 

2002, which, pursuant to 35 U.S.C. § 120, claims the 
benefit of United States Patent Application Serial No. 
09/207,969, entitled System and Method for Locating a 
Disturbance in a Power System Based Upon Disturbance 
Power and Energy , naming Parsons et al . as inventors, 
filed December 9, 1998, which, pursuant to 35 U.S.C. § 
119(e), claims the benefit of United States Provisional 
Patent Application Serial No. 60/069,164, entitled System 
and Method for Locating a Disturbance in a Power System 
Based Upon Disturbance Power and Energy , naming Parsons 
et al . as inventors, filed December 9, 1997. 
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BACKGROUMD OF THE IMVEMTIOKT 

The construction and operation of power systems has 
been generally known for years. However, with the 
relatively recent proliferation of sensitive electronic 
loads such as ASDs and microprocessors, the subject of 
power .quality has recently received much interest. 

Efforts have been placed over the previous several years 
in an effort to characterize the overall level of power 
quality delivered to customers on various electric 
systems. Much work has also been done to develop systems 
that automatically identify the major types of power 
quality disturbances measured on distribution networks, 
such as capacitor switching, voltage sag, and impulsive 
transients. 

Various types of commercial loads, such as 
semiconductor processing plants, have enhanced 
requirements for clean, continuous power. When the power 
is interrupted for any reason, the work within the plants 
may also be interrupted, oftentimes causing damage to 
ongoing processes. Thus, utility companies are often 
held to an agreed upon level of performance with respect 
to such loads. If a disturbance occurs, the utility 
company may recompense the customer for damages caused. 
Further, in the near future, parties responsible for 
disturbances may be penalized for causing interruptions 
in the power supply that result in customer downtime. 
However, presently, disturbances cannot be easily 
located. Resultantly, liability relating to caused 
disturbances is difficult to assign. 

Thus, there is a need in the art for locating 
disturbances within power systems in a reliable manner so 
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that liability for causing the disturbances may be 
assigned. 




CUSTOMER NO. 24347 PATENT APPLICATION 

DOCKET NO. 82274.98 

6 

SUMMARY OF THE IMVEMTIOM 

Thus , in order to overcome the shortcomings of the 
prior systems, among other shortcomings, a disturbance 
locating system constructed according to the present 
invention is deployed within a power grid to estimate a 
relative direction to a disturbance in a power system. 

The system includes a voltage transducer, a current 
transducer and disturbance energy determination 
circuitry. The system may also include disturbance power 
determination circuitry. 

The voltage transducer couples to an output of a 
voltage t^^ansformer , the output of the voltage 
transformer representative of a voltage on a line within 
the power grid. The current transducer couples to an 
output ,of a current transformer', the output of the 
current transformer representative of the current flowing 
through the line, the output having a forward reference 
direction and a, behind reference direction. According to 
one embodiment, the voltage and current transformers are 
hard wired to the line. However, in another embodiment, 
the voltage and current transformers need not require 
physical coupling to the line to produce outputs 
representative of the state of the line. 

The disturbance energy determination circuitry 
couples to the voltage transducer and the current 
transducer. Based upon the inputs received, the 
disturbance energy determination circuitry determines 
disturbance energy flowing in the line and estimates a 
relative direction to a source of the disturbance as 
either in front of or behind of the disturbance locating 
system. The disturbance energy determination circuitry 
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may include disturbance power determination circuitry 
that couples to the voltage transducer and the current 
transducer. In such case, the disturbance power is 
provided to the disturbance energy determination 
circuitry for estimating the relative direction to the 
disturbance. 

A method for determining a relative direction to a 
source of a disturbance according to the present 
invention may be performed in conjunction with the 
disturbance locating system. The method includes as a 
first step monitoring a current flowing through, and a 
voltage on the line in the power grid at the location. 
Next, the method includes determining a steady state 
power flow through the line and a transient power flow 
through the line during a disturbance condition. Based 
upon the steady state power flow and the transient power 
flow through the line, the method includes determining a 
disturbance power flow through the line. Then, based 
upon the disturbance power flow through the line, method 
includes determining a relative direction to the source 
of the disturbance. The method may also include 
determining a disturbance energy flow through the line 
and determining the relative direction to the source of 
the disturbance is also based upon the disturbance energy 
flow through the line. 

Moreover, other aspects of the present invention 
will become apparent with further reference to the 
drawings and specification which follow. 
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BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 is a block diagram illustrating a power grid 
in which disturbance locating systems constructed 
according to the present invention are strategically 
5 placed to determine the location of disturbances within 

the power grid; 

FIG. 2 is a block diagram illustrating the 
components of a disturbance locating system constructed 
according to the present invention; 

10 FIG. 3 is a circuit diagram illustrating a circuit 

used for simulating operating conditions of a power grid 
during closing of a capacitor bank, the simulated 
operating conditions employed to demonstrate the 
principle of operation of a disturbance locating system 
15 constructed according to the present invention; 

FIGS. 4 and 5 are signal diagrams illustrating 
simulated current and voltage produced during the 
simulated disturbance of the circuit of FIG. 3; 

FIGS. 6 and 7 are signal diagrams illustrating the 
20 simulated power and energy produced during the 

disturbance caused by closing the capacitor bank of the 
circuit of FIG. 3 

FIG. 8 is a circuit diagram illustrating locations 
of disturbance locating systems within a simulated 
25 circuit, such locations chosen so that the position of a 

disturbance within the simulated circuit may be 
identified; 

FIGS. 9 and 10 are signal diagrams illustrating the 
voltage waveforms for a faulted phase of the simulated 
circuit of FIG. 8 at Meters 1 and 2 of FIG. 8, 
respectively; 
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FIGS. 11 and 12 are signal diagrams illustrating the 
disturbance energy flow through Meters 1 and 2 of the 
simulated circuit of FIG. 8, respectively; 

FIGS. 13 and 14 are signal diagrams illustrating the 
disturbance power through Meters 1 and 2 of the simulated 
circuit of FIG. 8, respectively; 

FIGS. 15 and 16 are signal diagrams illustrating one 
phase of the recorded voltages at Meters 1 and 2 of the 
simulated circuit of FIG. 8, respectively, during a 
switching on. of a three-phase, 300 kVAr power factor- 
correction capacitor bank at Load B of the simulated 
circuit of FIG. 8; 

FIGS. 17 and 18 are signal diagrams illustrating the 
disturbance energy flow through Meters 1 and 2 of the 
simulated circuit of FIG. 8, respectively, during the 
switching on of a three-phase, 300.kVAr power factor- 
correction capacitor bank at Load B of the simulated 
circuit of FIG. 8; 

FIGS. 19 and 20 are signal diagrams illustrating the 
disturbance power through Meters 1 and 2 of the simulated 
circuit of FIG. 8, respectively, during the switching on 
of a three-phase, 300 kVAr power factor-correction 
capacitor bank at Load B of the simulated circuit of FIG. 
8 ; 

FIGS. 21, 22 and 23 are signal diagrams illustrating 
the phase A voltage and current, the disturbance energy 
through a meter and the disturbance power, respectively, 
for an actual sag disturbance recorded on TU Electric 
transmission system near Austin, Texas; 

FIGS. 24, 25 and 26 are signal diagrams illustrating 
a phase voltage and current, the disturbance energy 
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through a meter and the disturbance power, respectively, 
of a capacitor switching event recorded on a distribution 
feeder in the TU Electric system in Dallas, Texas; 

FIGS. 27, 28 and 29 are signal diagrams illustrating 
a phase voltage and current, the disturbance energy 
through a meter and the disturbance power, respectively, 
for a capacitor switching event recorded on a TU Electric 
distribution feeder in Round Rock, Texas; 

FIGS. 30, 31 and 32 are signal diagrams illustrating 
the phase A voltage and current, the disturbance energy 
through a meter and the disturbance power, respectively, 
for a forward capacitor switching event; and , 

FIG'. 33 is a flow diagram illustrating operation of 
a disturbance locating system constructed according to 
the present invention. 
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DETAIIiED DESCRIPTION OF THE IMVEMTIOM 

It should be understood at the outset that although 
an exemplary implementation of the present invention is 
illustrated below, the present invention may be 
implemented using any number of techniques, whether 
currently known or in existence. The present invention 
should in no way be limited to the exemplary 
implementations, drawings, and techniques illustrated 
below, including the exemplary design and implementations 
illustrated and described herein. Additionally, the 
drawings contained herein are not necessarily drawn to 
scale. 

OVERVIEW 

For two common disturbance types (capacitor 

switching and voltage sag) and other types of 
disturbances, it is possible to, determine whether a 
disturbance originates either in front of or behind a 
disturbance locating system. This information may tell 
an engineer whether the disturbance originated towards, 
or away from, a substation, or inside/outside a customer 
facility, depending oh the location of the disturbance 
locating system. If enough disturbance locating systems 
are available, this information can also be used to 
pinpoint the source of the disturbance, or at least to 
identify the feeder segment on which it originated. 

Since nonlinear loads can be thought of as sources of 
power at harmonic frequencies, they can be located by 
noting that harmonic active power tends to flow away from 
such a load. On the other hand, when a transient 
disturbance event is present in a system, it can be 
thought of as an energy sink. For example, in the case 
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of a capacitor switching disturbance, where a bank of 
discharged capacitors is switched on-line, enercry must be 
supplied to the bank in order to charge the capacitors. 
Likewise, during a fault, energy is diverted from other 
5 loads to the fault path. The direction of energy flow 

through the network, therefore, is a key indicator of the 
disturbance source location. 

The direction of the energy flow may be determined 
by examining sampled three-phase voltage and current 
10 waveforms provided by disturbance locating systems. 

Using the recorded voltage and current waveforms, the 
three-phase instantaneous power in the . circuit is 
calculated. During steady-state operation, this power has 
a reasonably constant value. However, when a disturbance 
15 event occurs, the network temporarily falls out of 

steady-state operation, causing a change in the 
instantaneous power flow. Any change in the 

instantaneous power during the disturbance is a result 
of, either directly or indirectly, the disturbance 
20 itself . . 

The difference in the steady-state three-phase 
instantaneous, power and the three-phase instantaneous 
power during the disturbance is defined as a "disturbance 
power" . Cha.nges in the disturbance power and its 

25 integral, the "disturbance energy," allow us to make a 

decision about the location of the disturbance, as the 
energy tends to flow towards the disturbance source. The 
next section uses a simple example circuit to illustrate 
the procedure. 
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DEPLOYMENT AND GENERAL CONSTRUCTION 

FIG. 1 illustrates a power of a power grid: 100 in 
which disturbance locating systems 102A, 102B, 102C, 

102D, 102E and 102F constructed according to the present 

invention are deployed. The power gird is fed by a 
transmission line 104 that terminates at substation 106. 
Equipment within the substation 106 transforms the 
voltage of the electricity flowing in on the transmission 
line to a distribution voltage level. Distribution lines 
108A, T08B and 108C serve loads within the power grid 100 
at one or more distribution voltage levels. Is shown, 
distribution line 108A serves residential load consisting 
of homes IlOA, IlOB and HOC. Further, distribution line 
108B serves a hospital 112. Finally, distribution line 
108C serves an industrial plant 114. 

Within the power grid 100 are capacitor banks 116A, 
116 b and 116C, each of which may be switched into service 
and out of service to compensate for loading conditions . 
However, as will be more fully described herein, when 
these capacitor banks 116A, 116B and 116C switch, they 

create disturbances within the system. Contained within 
the hospital 112 is equipment that must be continuously 
operational. Thus, the hospital 112 includes a back-up 
generator and battery supply bank to supply a continuous 
source of electricity should the power grid 100 fail to 
serve the hospital's 112 load.. Should a disturbance on 
the system disrupt the supply of electrical power to the 
hospital 112, the operator of the power grid 100 may be 
liable to the hospital 112. 

Industrial plant 114 also may include sensitive 
electronic equipment. However, the industrial plant 114 
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also includes non^conforming load, such as motor drives, 
that places great demands on the power grid 100 for short 
periods of time. Thus., when a disturbance external to 
the industrial plant 114 occurs, it may effect the 
sensitive electronic equipment contained within the 
industrial plant 114. Further,, however, when the non- 
conforming load within the industrial plant 114 cycles, 
it may create disturbances in the power grid 100. Thus, 
it is useful to determine whether disturbances are 
created within the industrial plant 114 or external to 
the industrial plant. 

The disturbance locating systems 102A,. 102B, 102C, 

102D and 102E are strategically placed throughout the 
power grid 100 to sense disturbances. Each of the 
disturbance locating systeras 1'02A, 102B, 102C, 102D and 

102E determines whether a disturbance occurred in front 
of, or behind of the system. Thus, for example, if a 
disturbance . occurs within the industrial plant 114, 
causing a voltage sag that affects the hospital's 112 
load, disturbance locating system 102E determines that 
the disturbance was in front of, and thus within the 
industrial plant 114. To confirm the determination, the 
other disturbance locating systems 102A, 102B, 102C and 

102D would determine whether the disturbance was located 
in front of, or behind each system. 

Further, should a disturbance, be caused by the 
closing of capacitor bank 116A, for example, disturbance 
locating system 102A determines that the disturbance was 
in front of it. The result could then be confirmed by 
disturbance locating systems 102B and 102D. Moreover, 
should a disturbance be caused by the closing of 
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capacitor bank 116B, disturbance locating systems 102B 
and 102C, in combination, will indicate that the 
disturbance was on distribution line 108B, perhaps at 
capacitor bank 116B. Investigation of waveforms recorded 
by the disturbance locating systems 102B and 102C may 
indicate that the disturbance was of the type caused by 
the closing of the capacitor bank 116B. Finally, should 
a lightning strike occur on distribution line 108C, thus 
creating a short circuit, disturbance locating systems 
102D and 1Q2E will indicate that the disturbance occurred 
on distribution line 108C. Investigation of the recorded 
waveforms may then indicate that the disturbance was 
fault based. 

FIG. 2 illustrates a disturbance locating system 200 
constructed according to the present invention. The 
disturbance locating system 200 as illustrated may be 
constructed to include various modular components . These 
components may form part of a larger device such as a 
recording system that performs other functions in 
addition to locating disturbances. Components in 
addition to those required to accomplish the teachings of 
the present invention will be described only to expand 
upon the teachings of the present invention. 

The disturbance locating system 200 includes a user 
interface 202, a processor 204, random access memory 
(RAM) 206, a bus interface 208, disk storage 210, read 
only memory 212, a voltage and current interface card 218 
and communication cards : 220 and 222. The user interface 
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processing functions required by the system 200. The 
processor 204 may include a microprocessor programmed 
specifically for the system 200 or may include a custom 
processor designed and built to perform operations 
consistent with the present invention. The RAM 206 
services the non-permanent storage needs of the system 
200 while the ROM 212 stores program instructions that 
are written and require permanent storage during a power 
down state. The disk storage 210 provides bulk storage 
capability. Further, the bus interface 208 couples a 
peripheral bus 216 to the processor bus 214 so that the 
devices coupled to the processor bus 214 may communicate 
with the' cards. 218, 220 and 222 coupled to the peripheral 
bus 216. 



The. user interface 202 interfaces the system 200 to 
a monitor, keyboard and mouse, for example. Such devices 
allow a user to program and operate the system 200. 
However, the. system 200 may also be operated remotely via 
one of the communication cards 220 or 222. 
Communication card 220 includes an interface 230 which 
couples the peripheral bus 216 to a radio 232. The radio 
couples to an antenna 238 which facilitates wireless 
communications. Communication card 222 includes an 
interface 234 which couples the peripheral bus 216 to a 
modem 236 which connects to a phone line or other wired 
communication line. Thus, the communication card 222 
facilitates wired communication with the system 200. 

The disturbance locating system includes disturbance 
power determination circuitry 205 and disturbance energy 
determination circuitry 207. In the embodiment 
illustrated, such circuitry is contained within the 
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processor 204 and would be implemented via special 
programming and/or construction. However, in other 

embodiments, the disturbance power determination 
circuitry 205 and the disturbance energy determination 
circuitry 207 may be circuitry dedicated to the 
particular tasks apart from the processor 204. 

The voltage and current interface card 218 includes 
an interface 224 as well as a voltage transducer 226 and 
a current transducer 228. The voltage transducer 226 
couples to a voltage transformer or another device which 
provides an indication of the voltage on a line being 
monitored by the system. While in some installations, 
wired leads connect the system 200 to the output of an 
actual voltage transformer, in other installations a 
wired connection is not required with the voltage being 
measured via a non-wired interface. The current 
transducer 226 couples to a current transformer having a 
directional indication so that the system 200 knows the 
direction of current flow with respect to the system 200. 
As with the voltage transducer 226, the current 
transducer 228 may also couple directly to the output of 
a current transformer. However, in other installations, 
the voltage transducer 226 may connect to equipment which 
measures the current flowing in a line without a hard- 
wired current transformer. 

OPERATING PROCEDURE 

To illustrate the disturbance power and energy that 
a disturbance locating system constructed according to 
the present invention measures, operation of a simple 
three-phase RLC switching circuit is examined. One phase 
of the circuit is shown in FIG 3. The following FIGS. 4 
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and 5 illustrate results produced in modeling the three- 
phase RLC circuit using a modeling program. The 
particular modeling program employed is commonly called 
the alternate transients program version of EMTP (ATP) . 

In the model, the parameters are chosen as follows: Vpeak = 
170 V, R=10 Q, L=10 mH, and C=10 |1F. Further,, in the 
model it is assumed that all three phases of the switch 
close at , the same instant. A two Q. resistor is also 
placed between each capacitor and ground. The currents 
through, and voltages across, the capacitors are shown in 
FIGS. 4 and 5, respectively. The results are as ex- 
pected. . 

FIG. 6 shows the three-phase instantaneous power 
delivered to the capacitor bank. While the instantaneous 
power is zero before the switches close, it has a small 
non-zero steady-state value. It is clear in this example 
that the oscillations present in FIG. 6 are caused by the 
switching event'. The disturbance power is the total 
instantaneous power (here, fig. 6) minus the steady-state 
instantaneous power (the part of FIG. 6 after the 
transient dies out). Therefore, the disturbance power 
represents the change in instantaneous power due to the 
disturbance. Since the steady-state instantaneous power 
is small in this case, the disturbance power is 
approximately equal to the instantaneous power shown in 
FIG. 6. Taking the integral of the disturbance power 
over the duration of the disturbance event gives the 
disturbance energy, which is the approximate net change 
in energy flow through the meter towards the disturbance 
source (here, the capacitor bank) . The disturbance 
energy is shown in FIG. 7. 




19 



CUSTOMER NO. 24347 
DOCKET NO. 82274.98 



PATENT APPLICATION 



In this example, the final value of the disturbance 
energy is positive, so the energy flows from left to 
right (i.e. in the positive direction) through the meter 
to the Capacitor bank. Also note that the polarity of 
the initial peak of the disturbance power also tends to 
indicate the direction of the disturbance source. Here, 
the positive initial peak matches the positive value of 
energy flow through the meter. Both of these indicators 
show that the disturbance source is located to the right 
of the disturbance locating system. 

EXAMPLES OF OPERATION 

In this section, the procedure described in the 
Procedure section is applied to both computer- simulated 
disturbances and to actual disturbance waveforms for 
which the disturbance direction is known. 

ATP Voltage Sag Disturbance 

A diagram of the network used for the ATP computer 
simulation, where locations of disturbance locating 
systems (also referred to as a recording device or a 
Meter) and loads are indicated, is shown in FIG. 8. The 
arrows indicate the direction of positive power flow for 
each Meter . 

We begin by simulating a single-phase-to-ground 
fault located between Meter 1 and Load A that produces a 
voltage sag throughout the network. The fault has a 

duration of one cycle, and a fault impedance of 10 Q. The 
voltage waveforms for the faulted phase at Meters 1 and 2 
are shown in FlGS. 9 and 10, respectively. Since Meter 1 
shows a greater drop in voltage, we can deduce that it is 
closer to the fault than Meter 2, but the voltage 
waveforms alone provide no further information about the 
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location of the fault. The disturbance energy flow 
through Meters 1 and 2, found by taking the integral of 
the disturbance power, is shown in FIGS. 11 and 12, 
respectively. 

The disturbance energy flow through Meter 1 (FIG. 
11) indicates that the fault is . located in front of it, 
while the negative flow shown in FIG. 12 indicates that 
the disturbance is located behind Meter 2. While not 
shown here, the disturbance energy flowing through the 
other meters also indicates the correct directions. By 
concurrently examining the directions given by all of the 
disturbance locating systems, we can accurately pinpoint 
the location of the fault as being in the line segment in 
front of Meter 1 . 

The. disturbance power through Meters 1 and 2, shown 
in FIGS. 13 and 14, respectively, confirms the decision 
made above. In each case, the polarity of the initial 
peak is the . same as the polarity of the final value of 
the disturbance energy. Hence, we are able to make a 
decision about the disturbance source locations with a 
relatively high degree of confidence. 

Similar results are also obtained for high and low 
impedance faults (50 Q and 3 respectively), as well as 
for balanced three-phase- to- ground faults. 

ATP Capacitor Switching Disturbance 

Next, we placed a three-phase, 300 kVAr power 
factor-correction capacitor bank at Load B of FIG. 8. 
Unlike the three-phase capacitor switching example 
described above, where the three switches were closed at 
the same instant, each of the switches here flashes over 
near the peak of the associated phase voltage. One phase 
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of the recorded voltages at Meters 1 and 2 is shown in 
FIGS. 15 and 16, respectively. 

Although FIGS. 15 and 16 look nearly identical, the 
disturbance source is located behind Meter 1, and in 
front of Meter 2. FIGS. 17 and 18 show the disturbance 
energy flow through Meters 1 and 2, respectively, where 
we see inconsistent results. Although there is a great 
deal more disturbance energy flow through Meter 2 than 
through Meter 1, the disturbance energy is positive in 
both cases, even though the disturbance is not located in 
front of both meters. If the energy flows from both 
meters are available, then it is clear by examining the 
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direction from the disturbance energy alone would yield 
incorrect results . It is interesting to note that the 
final value of energy delivered to the capacitor bank, 
shown in FIG. 18,. is approximately equal to the stored 
energy in the capacitors given by 3*%CVpeak^ . 

To overcome this inconsistency, we propose that the 
initial peak of the disturbance power be used, along with 
the energy flow, to ensure that the direction of the 
disturbance is determined correctly. FIGS. 19 and 20 
show the disturbance power oscillations for Meters 1 and 
2, respectively. From FIG. 19, we can see that the 
initial peak is negative, while FIG. 2 0 shows that the 
initial peak is positive. The positive initial peak and 
relatively high positive energy flow for Meter 2 provide 
strong evidence that the disturbance source is located in 
front of Meter 2. On the other hand, the relatively low 
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energy flow through Meter 1, coupled with the negative 
initial peak', indicate that it is not likely that the 
disturba.nce source is located in front of Meter 1. 
Therefore, by examining both pieces of evidence, we are 
still able to make an accurate decision about the 
disturbance source direction. Similar results are also 
obtained from the other meters pres??ent in the circuit, 
and for a separate case with the capacitors installed at 
Load C . 

Recorded Voltage Sag 

FIG. 21 shows the phase A voltage and current for an 
actual sag disturbance recorded on Texas Utilities 
Electric''s (TU Electric ' s ) transmission system near 
Austin, Texas. Before the disturbance event, the current 
slightly, lags the voltage. When the fault is on, 
however, the current leads the voltage, indicating a 
fault in the negative direction, or behind the 
disturbance locating system. FIG. 22 shows the 
disturbance energy through the meter. When the fault 
clears at approximately 0.4 seconds, the negative value 
of disturbance energy indicates a fault in the negative 
direction (i.e., behind the meter), confirming the 
results given by . the phase angle observation. The net 
energy starts to rise again as the system recovers from 
the fault, but this is not a concern, as it occurs only 
after the fault has cleared and the system has reached a 
new steady-state. 

The disturbance power for this sag disturbance is shown 
in FIG. 23. As before, the negative initial peak 
confirms the decision we made based on the disturbance 
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energy, and allows us to identify the source location 
with a greater degree of confidence. 

RBCorded Capacitor Switching 

FIG. 24 shows the voltage for one phase of a 
capacitor switching event recorded on a distribution 
feeder in the TU Electric system in Dallas, Texas. The 
disturbance shown in the figure is known to have been 
caused by a capacitor switching event that took place 
behind the meter. The associated disturbance energy, 
shown in FIG. 25, oscillates about zero until the 
disturbance is nearly over (about 0.030 sec), at which 
time it begins to climb due to the circuit entering a new 
steady-state. Therefore, at the effective end of the 

disturbance, the disturbance energy is "small", and the 
test is inconclusive. We recommend that "small" be 
defined as less than 80% of the maximum excursion of the 
waveform (i.e. 0.80*2200J in this case) . 

In a case such as this one where the disturbance 

energy test is inconclusive, we may still be able to 

determine the direction based on the disturbance power. 
By looking at the disturbance power in FIG. 26, we see 
that the initial peak is negative, which indicates that 
the disturbance originates in the negative direction. 
Thus, even though we are not able to make a conclusion 
based on the energy flow, we are still able to find the 
correct direction by examining the initial peak of the 

disturbance power. 

FIG; 27 shows one phase voltage for a capacitor switching 
event recorded on a TU Electric distribution feeder in 
Round Rock, Texas. The source of this disturbance is 
known to have been located in front of the meter. FIG. 
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28 shows the associated disturbance energy, while FIG. 29 
shows the disturbance power. As we see in FIGS. 28 and 
29, both indicators (i.e., disturbance energy and the 
initial peak of the disturbance power) are in agreement . 
The results for another forward capacitor switching event 
are shown in FIGS. 30, 31, and 32. For this disturbance, 
the net disturbance energy is positive, while the initial 
peak of the disturbance power is negative. In this case, 
where there is a strong positive energy flow, we decide 
that the disturbance must be in front of the meter (as it 
actually was) . The decision, however, is not confirmed 
by the initial peak of the disturbance power.. Therefore, 
our confidence in the decision is hot as high as for the 
event shown in FIG. 27, where both indicators give the 
same result . 

METHOD OF OPERATION 

Consistent with the above descriptions, a disturbance 
locating system constructed according to the present 
invention makes a judgment as to which side of the 
disturbance locating system a power quality disturbance 
event originates by excimining sampled voltage and current 
waveforms. This is accomplished by examining the distur- 
bance power and energy flow and the polarity of the 
initial peak of the disturbance power. If enough 
disturbance locating systems are available in a network, 
the source of the disturbance may be pinpointed with a 
high degree of accuracy. 

FIG. 3 3 sets out the steps of a method of operation 
according to the present invention. Operation commences 
at step 3302 wherein the system continually records the 
voltage on the line and current flowing through the line 
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at a location of observation on the line. After a 
disturbance has been detected, the method determines the 
beginning and end points of the disturbance event. Then, 
at step 3304, the method includes calculating the three- 
phase instantaneous power (IP) before, during, and after 
the event, using the equation: 

IP = Vala + Vbib + Vcic 

(Equation 1) 

Once the three-phase instantaneous power has been 
calculated before, during and after the event, the method 
includes determining the steady state power Pss/ and the 
transient disturbance power Ptrans- Using these values, 
the method then includes determining the disturbance 
power which is the difference between the three-phase 
instantaneous power and the steady state power Pss- The 
disturbance power is then integrated' at step 33 08 to 
determine the disturbance energy. 

Next, at step 3312, the method includes determining 
whether the final disturbance energy, DEfin is greater 
than or equal to eighty percent (80%) of the peak 
excursion, DEpe of the disturbance energy. If the final 
value of the disturbance energy is greater than or equal 
to 80% of the peak excursion of the disturbance energy 
during the event, operation proceeds to step 3314 and the 
energy test is conclusive. The disturbance direction is 
the same as the polarity of the final disturbance energy 
value. If the polarity of the initial peak of the 
disturbance power matches the polarity of the final 
disturbance energy value, then we have a high degree of 
confidence. Else, we still declare the disturbance to be 
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in the direction indicated by the disturbance energy, but 
with a lesser degree of confidence. 

If the final value of the disturbance energy is less 
than 80% of the peak excursion of the disturbance energy 
at step 3312, operation proceeds to step 3316 where it is 
determined that the energy test is inconclusive. In such 
case, the disturbance direction is determined by 
examining the polarity of the initial peak of the 
disturbance power. From both steps 3314 and 3316, the 
method concludes . 

While only two major types of disturbances are 
described herein, the method and system presented are 
applicable to other disturbance types, as well. For 
example, motor starting disturbances that induce voltage 
sags ■ are. prime candidates, since a great deal of energy 
must be delivered to the motor to bring it up to speed. 
This information may prove valuable to utilities 
interested in Ipcating the sources of recorded 
disturbances in order to determine whether a disturbance 
originated inside or outside of a customer facility, for 
example. 

In view of the above detailed description of the 
present invention and associated drawings, other 
modifications and variations will now become apparent to 
those skilled in the art. It should also be apparent 
that such other modifications and variations may be 
effected without departing from the spirit and scope of 
the present invention as set forth in the claims which 
follow. 




